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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The computerized-tomography scanning equipment characterized by extracting the 
approximation projection data of the X-ray pass approximated to the location of the virtual flat 
surface set to arbitration from the actually acquired two-dimensional projection data in the 
computerized- tomography scanning equipment which collects projection data by helical scan using a 
two-dimensional-array detector, and reconfigurating a reconstruction image using this approximation 
projection data. 

[Claim 2] The computerized-tomography scanning equipment according to claim 1 characterized by 
asking for said approximation projection data with interpolation of at least two actually obtained 
projection data which adjoins in the slice direction collected by coincidence. 

[Claim 3] Said virtual flat surface is a computerized-tomography scanning equipment according to 
claim 1 characterized by being set up as a slanting cross section which inclines to the medial axis of 
said helical scan. 

[Claim 4] The computerized-tomography scanning equipment according to claim 1 which carries out 
the multi-statement of said virtual flat surface so that it may continue spatially, and is characterized 
by obtaining volume data by reconfigurating a reconstruction image about each virtual flat surface. 
[Claim 5] Said helical scan is a computerized-tomography scanning equipment according to claim 1 
characterized by being set up as a flat surface approximated to the curve side drawn with two or 
more X-ray pass while it performs when X line source moves relatively to analyte in a spiral orbit 
top, and said X line source rotates said virtual flat surface 180 abbreviation. 

[Claim 6] The computerized-tomography scanning equipment according to claim 5 characterized by 
the maximum of the absolute value of a difference with the Z coordinate of the ellipse which the Z 
coordinate of said X line source in each angle of rotation of a half- spiral, and the cylinder specified 
by the spiral orbit of said X line source and said virtual flat surface intersect setting up said virtual 
flat surface so that it may become min. 

[Claim 7] The computerized-tomography scanning equipment according to claim 5 characterized by 
setting up said virtual flat surface so that the mean square error of a difference with the Z coordinate 
of the ellipse which the Z coordinate of said X line source in each angle of rotation of a half-spiral, 
and the cylinder specified by the spiral orbit of said X line source and said virtual flat surface 
intersect may become min. 

[Claim 8] Said approximation projection data is a computerized-tomography scanning equipment 
according to claim 5 characterized by being data on the X-ray pass which passes through the cylinder 
[ which makes a diameter distance of said X line source and FOV core ], and ellipse top which said 
virtual flat surface intersects. 

[Claim 9] Said approximation projection data is a computerized-tomography scanning equipment 
according to claim 5 characterized by being data on the X-ray pass which passes the ellipse at which 
said virtual flat surface crosses the cylinder which passes along a FOV core focusing on said X line 
source. 

[Claim 10] The computerized-tomography scanning equipment according to claim 5 characterized 
by setting the relative movement distance of the analyte in one rotation of said X line source as 
abbreviation 1.5c when reconstruction thickness of the slice direction is set to c focusing on FOV 
converted from the width of face of the slice direction of said two-dimensional-array detector. 
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[Claim 1 1 ] Said reconstruction is a computerized-tomography scanning equipment according to 
claim 1 characterized by using a partial angle reconstruction method. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the computerized-tomography scanning equipment 

(it abbreviates to "CT M below) of a helical scan. 

[0002] 

[Description of the Prior Art] Generally CT with the 1 -dimensional detector which arranged the 
detector which detects the X-ray which penetrated current and analyte to one dimension has spread. 
And in recent years, the so-called helical scan which X line source draws a spiral orbit and moves in 
the moving coordinate which moves with a berth by moving a berth, carrying out continuation 
rotation of X line source (source) and the detector is beginning to spread quickly. Furthermore, the 
formation of many trains of a 1 -dimensional detector and cone beam-ization of an exposure X-ray 
grope for the implementability of three-dimension-izing of data. 

[0003] In the helical scan by the 1 -dimensional detector, in order that X line source may move a 
spiral orbit, it is required to carry out interpolation creation of the great portion of projection data on 
a reconstruction cross section in approximation by linear interpolation processing etc. This created 
data is hereafter called approximation projection data. Since the data for one rotation were 
substantially needed, when reconstruction wanted the field which has the thickness for 10cm, for 
example as 2mm slice data, it needed the scan of 50 rotations. 

[0004] As for 2 successive installation beam ******** dual slice helical method, a data collection 
rate becomes twice the above-mentioned method theoretically about a 1 -dimensional detector. 
Although it is possible to develop this and to form a 1 -dimensional detector into many trains, it 
becomes impossible for the X-ray pass between trains to regard it as parallel. It will consider that this 
is parallel temporarily and will become the image which does not bear practical use with much 
artifact in having reconflgurated the image as a multi-slice for every train simply. The current 
proposal of the technique of conquering these problems was not made, therefore twice [ at most ] as 
many improvement in the speed as this has concluded that it is a limit by this method. 
[0005] By the cone beam scanning method, when analyte is completely contained in a cone beam, 
perfect reconstruction is theoretically possible, but when analyte is not completely contained in a 
cone beam, the solution method of suitable reconstruction is not proposed. 
[0006] 

[Problem(s) to be Solved by the Invention] As mentioned above, by CT of the helical scan using a 
two-dimensional-array detector, it simplifies and few reconstruction approaches of the artifact do not 
exist. The purpose of this invention is CT of the helical scan which used the two-dimensional-array 
detector, and is offering CT which can create few reconstruction images of the artifact by simple 
processing. 
[0007] 

[Means for Solving the Problem] In the computerized-tomography scanning equipment which 
collects projection data by helical scan using a two-dimensional-array detector, this invention 
extracts the approximation projection data of the X-ray pass approximated to the location of the 
virtual flat surface set to arbitration from the actually acquired two-dimensional projection data, and 
is characterized by reconfigurating a reconstruction image using this approximation projection data. 
[0008] 
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[Function] Since according to this invention the approximation projection data of the X-ray pass 
approximated to the location of the virtual flat surface set to arbitration is extracted from the actually 
acquired two-dimensional projection data and a reconstruction image is reconfigurated using this 
approximation projection data, few reconstruction images of the artifact can be created by simple 
processing by CT of the helical scan using a two-dimensional-array detector. 
[0009] 

[Example] Hereafter, one example of the computerized-tomography scanning equipment (it 
abbreviates to "CT" hereafter) by this invention is explained. Drawing 1 is the block diagram of CT 
concerning this example, and drawing 2 is the block diagram of the data pre-treatment equipment of 
drawing 1 . CT consists of a stand 1, a berth 2, and a console 3 greatly. Opening of a cylindrical 
shape can open in the core of a stand 1 , and at the time of a scan, where Analyte P is laid in a berth 2, 
it is inserted in it. In addition, the horizontal axis which intersects perpendicularly a horizontal axis 
parallel to the direction of a body axis of Analyte P with the Z-axis, and intersects a vertical axis 
perpendicularly with a Y-axis and the Z-axis is defined as the X-axis. A berth 2 is constituted 
movable, driving to the berth driving gear 20 and laying Analyte P. The X line source 10 ****** 
flabellate form X-ray beam FX in response to the high voltage from a high- voltage transformer 
assembly 4. Whenever [ angle-of-divergence / of this flabellate form X-ray beam FX ] is called fan 
include angle, and is made into **A degrees and sum total 2 A" on both sides of a medial axis at right 
and left. As a typical example, the fan include angle is set as 50 degrees. The two-dimensional-array 
detector 12 comes to arrange the detector which detects the X-ray which penetrated Analyte P as an 
electrical signal in the shape of two-dimensional, with the condition that the X line source 10 and the 
two-dimensional-array detector 12 countered according to the rolling mechanism and slip ring device 
which are not illustrated — the perimeter of Analyte P — continuation — it is supported pivotable. 
This rotation is driven with the stand driving gear 13. With the two-dimensional data collector 12, it 
integrates with the output of the two-dimensional-array detector 12 in time, and it is digitized and are 
collected as projection data. The stand driving gear 13 is controlled by the stand control unit 33, and 
the berth driving gear 20 is controlled for a high-voltage transformer assembly 4 by the high- voltage 
control unit 5 at the berth control unit 34, respectively. 

[0010] It is sent to the data pre-treatment equipment 31, and the projection data from the two- 
dimensional data collector 12 is at the data pretreatment section 311 first. After general pretreatment 
of Log conversion (logarithmic transformation) etc. is performed, the after [ pretreatment ] two- 
dimensional projection data storage section 312 memorizes. The slanting cross-section 
approximation projection data origination section 313 creates approximation projection data required 
to reconfigurate the image about a slanting cross section using the projection data after pretreatment. 
The image re-component 32 reconfigurates an image (slanting cross-section image) from the 
approximation projection data created in the slanting cross-section approximation projection data 
origination section 313. The so-called half reconstruction approach which can reconfigurate an 
image from the projection data for 180 degrees is adopted as this reconstruction processing. This 
tomogram data is sent and displayed on an image display device 37 through the main control section 
36, and is sent to the image data storage 35, and is memorized. The main control section 36 controls 
the high-voltage control unit 5, the stand control unit 33, and the berth control unit 34, and performs 
helical scan. 

[001 1] Next, an operation of this example is explained. In addition, the moving coordinate of 
explanation which moves with Analyte P is specified for convenience. In this moving coordinate, by 
helical scan, the X line source 10 will move a spiral orbit, as shown in drawing 3 (a). In an actual 
motion, while the X line source 10 and the two-dimensional-array detector 1 1 carry out continuation 
rotation, Analyte P moves to an one direction on a berth 2. Here, the jargon treated by the following 
explanation is defined. 

- Actual existence projection data; projection data on the X-ray pass (it is called a virtual path) which 
is needed in order to reconfigurate the image of the projection data and the virtual projection data; 
reconstruction side of the actual existence actually collected with each detector of the two- 
dimensional-array detector 1 1 (here, it defines as a slanting cross section) and which is included 
ideal, i.e., the reconstruction side concerned. In helical scan, such virtual projection data does not 
exist really except for some exceptions. 
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- Approximation projection data; projection data on the X-ray pass in X-ray beam FX most 
approximated to a virtual path (it is called approximation pass). In addition, this approximation 
projection data may not exist really by existing really as actual existence projection data. When it 
does not exist really, it creates with interpolation (distance interpolation) from the actual existence 
projection data near approximation pass. Approximation projection data is created by every [ of the 
X-ray from the X line source 10 / one / every ] radiation direction (a definition is given as whenever 
[ fan interior angle ]) about angle of rotation of each of the X line source 10. 

[0012] In addition, two or more X-ray pass required for reconstruction cannot define the flat surface 
of one sheet in helical scan. One of the descriptions of this example sets up the slanting cross section 
(reconstruction side) which inclines to the Z-axis to the X-ray pass group for half-rotation of the X 
line source 10, and it is to reconfigurate an image using the projection data for this half-rotation 
(refer to drawing 3 (b)). Thereby, there are few gaps with the curve side and reconstruction side 
which are drawn by the X-ray pass group for half-rotation, and they can reconfigurate an image with 
little artifact. Furthermore, the description of this example is setting up the slanting cross section 
where the artifact's makes min the min of gaps, i.e., the above-mentioned amount, to the X-ray pass 
group for half-rotation, and setting approximation pass. Approximation pass is specified by Z 
location angle of rotation of the X line source 10, and whenever [ fan interior angle ]. 
[0013] The volume data of a three dimension are obtained by repeating reconstruction processing, 
shifting a slanting cross section little by little in accordance with the spiral orbit of the X line source 
10. Spatial resolving power changes according to the migration pitch of this slanting cross section. 
For example, change of the slanting cross section which it shifted 90 degrees at a time to drawing 4 
is shown. According to this approach, a minute (it changes according to a migration pitch) of an 
image can be reconfigurated, for example by one rotation several times of the helical GT of the 
single slice put in practical use until now or a dual slice. 
[0014] It explains below at a detail. 

- Although the slanting cross section mentioned above what is specified in approximation by the X- 
ray pass group which moves while 180 degrees of X line sources 1 0 rotate about a setup of the 
virtual flat surface (slanting cross section) which should be reconfigurated, it is necessary to specify 
the virtual flat surface used as the min of the above-mentioned amount of gaps approximated most. 
The angle of rotation of the X line source 10 and the axis of ordinate are expressed [ the spiral orbit 
of the X line source 10 (source) ] for the axis of abscissa as a Z coordinate to drawing 6 . The spiral 
orbit of the X line source 10 is shown on this graph by the primary straight line fsource passing 
through a zero. On the other hand, a virtual flat surface is the sign curve fplane on this graph. It is 
shown by carrying out. Here, 180 degree+ fan include-angle 2A, a part for i.e., ** (90degree+A), is 
given as a view required for half reconstruction focusing on 0 degree, fsource and fplane It will be 
easily understood that the amount of gaps of a virtual flat surface and the curve side drawn by the X- 
ray pass group for half-rotation of the spiral orbit of the X line source 10 is small, so that the integral 
of a difference is small. 

[0015] For example, if fan include-angle 2A=50 degree, it will become 90 degree+A=l 15 degree, 
but when the ratio of the tilt angle (a graph top is equivalent to the inclination in 0 times of the sign 
curve fplane) of a virtual flat surface and the inclination of fsource according to the relative- 
displacement rate of the berth 2 to rotation of the X line source 10 at the time of helical scan is 1.095 
at this time, the difference dl and d2 of both functions is mostly in agreement. That is, the maximum 
(|dl-d2|) of the absolute value of the difference of both functions is able to specify few optimal 
virtual flat surfaces of the artifact most by setting up a virtual flat surface so that it may become min. 
Thus, the approach of setting up a virtual flat surface so that the root mean square of the difference 
of both functions other than the approach based on the maximum of the absolute value of the 
difference of both functions may serve as min may be adopted. Of course, it is not limited to such 
two approaches. 

[0016] - The virtual path contained in a virtual flat surface is rare, therefore virtual projection data 
hardly exists as actual existence projection data so that I may be understood with reference to 
drawing 6 about a setup of approximation pass. Therefore, the approximation pass nearest to the 
virtual path in a flabellate form X-ray beam with fixed thickness is set. Here, when 0 degree is 
considered whenever [ fan interior angle ], the pass on the virtual flat surface which passes along the 
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core (it is the same as the center of rotation of the X line source 10) of FOV (Field of View) like 
drawing 7 is a virtual path. On the other hand, approximation pass is given as pass which passes 
along a FOV core from the X line source 10. Let the actual existence projection data which passes 
along this approximation pass be approximation projection data about 0 degree whenever [ fan 
interior angle ]. If actual existence projection data existence is not recognized through this 
approximation pass, approximation projection data is created with interpolation from two actual 
existence projection data of the channels A and B nearest to the intersection of the approximation 
pass and a detector side concerned. A thick wire shows notionally change of the intersection group 
of the detection side of approximation pass to change of angle of rotation to drawing 5 . Two kinds 
of examples are offered about the setting approach of approximation pass. 
[0017] (1) The setting approach of the 1st approximation pass (refer to drawing 8 (a)) 
By this approach, when it sees about an certain angle of rotation of the X line source 10, the 
intersection to the detection side top of approximation pass will be drawn "in a straight line" with 
change which is whenever [ fan interior angle ]. As mentioned above, 0-degree approximation pass 
is set whenever [ fan interior angle ] so that a virtual flat surface may be intersected focusing on 
FOV. An approximation pass group is set up so that the slightly flat ellipse of the virtual flat surface 
where the intersection of the approximation pass of whenever [ other fan interior angle ] and a virtual 
flat surface made the radius from the X line source 1 0 to the FOV core the core [ the X line source 
10 ] may be drawn. It is mentioned that whenever [ of actual count / complicated ] is small as for the 
advantage of this approach. All approximation pass required to reconfigurate the tomogram for one 
sheet by this approach to drawing 9 is shown. In addition, the angle of rotation zeta of the X line 
source 10 expresses with drawing 9 the core of half-rotation that not an include angle but the X line 
source 10 uses for reconstruction absolutely, as 0 degree, and the Z location rho makes a zero the 
center position of the successive range where a berth 2 moves while the X line source 10 half-rotates. 
It expresses with the distance (mm) from a zero, and is used widely and shown to change of 
migration of angle of rotation of the X line source 10, and Z location of a detector. By drawing 9 , 
while the X line source 10 half-rotates, it is indicated that a berth 2 moves 40mm. The angle of 
rotation zeta of the X line source 1 0 of the view of drawing 9 is 0 degree, the Z location rho of 
approximation pass in case alpha is 0 degree whenever [ fan interior angle ] is projection data of 0, 
and, probably, this usually exists really. Of course, if the actual existence pass of this Z location rho 
does not exist really, approximation projection data is created by interpolation from the actual 
existence projection data on two pass nearest to the approximation pass concerned. 
[0018] (2) The setting approach of the 2nd approximation pass (refer to drawing 8 (b)). 
This approach sets approximation pass so that a virtual flat surface may be crossed at the core of 
approximation pass. The intersection of such an approximation pass and a virtual flat surface draws 
few ellipses which the cylinder which extended the periphery on XY side which makes a diameter 
the X line source 10 and distance based on FOV(s) to Z shaft orientations, and the slanting cross 
section which is a virtual flat surface intersect. Of course, if the actual existence projection data of 
this approximation pass does not exist, as mentioned above, it creates with interpolation. 
[0019] As mentioned above, it is not restrained by a setup of approximation pass, and two examples 
which could otherwise consider the modification and were raised here although two examples of 
creation of approximation projection data were given when put in another way. In addition, about 
interpolation, for every combination of angle of rotation and whenever [ fan interior angle ], it is 
made unnecessary [ the count process of a interpolation multiplier ] in creation of approximation 
projection data to ask for a interpolation multiplier beforehand, and it can be said from a viewpoint 
of mitigation of computational complexity that it is effective. Furthermore, a setup of a virtual flat 
surface and approximation pass can take, and an employment top can be altogether woven into the 
above-mentioned interpolation multiplier also about the direction. 

[0020] Next, an example is given and explained. Here, the distance from 600mm and the X line 
source 10 to the two-dimensional- array detector 1 1 is assumed to be 1.1m, and a fan include angle is 
assumed to be 50 degrees for the radius of gyration of the X line source 10. At this time, FOV 
(reconstruction field) is 600xsin (50 degrees/2). It is set to about 250mm. moreover, if the two- 
dimensional-array detector 1 1 is put in another way nine channels to a Z direction (the slice 
direction), a one dimensional array detector will assume that it is 9 successive-installation ******** 
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to a Z direction. Moreover, it is assumed that the one dimensional array detector is arranged with the 
row pitch (a row pitch is set to 2.57mm at this time) which is equivalent to 1 .4mm spacing at a FOV 
core. Moreover, while the X line source 10 rotates one time, it is assumed that the movement 
magnitude of a berth 2 is 15mm. A gap of approximation pass within FOV at this time and the Z 
direction of a virtual flat surface can also estimate the plus direction and minus direction at about 
0.41mm by count. Ejection of the approximation projection data from the storage section 312 is 
performed according to drawing 9 . Linearity distance interpolation may be used for interpolation 
processing, and it is risen. Any of the interpolation using a cosine function are sufficient. The need 
range of the data on the two-dimensional-array detector 1 1 can be estimated at double sign 
10.18mm, and enters into existence range 2. 57mmx4=l 0.28mm of a detector 11. Activation slice 
thickness will be more thickly set to about 2mm to width of face of 1.4mm of the channel based on 
FOV(s), in order that interpolation processing may enter at the time of approximation projection data 
origination. At this time, error 0.41mm of a previous Z direction is a small error suitably, and is 
understood by not coming to generate the big artifact in image quality. 

[0021] Next, image reconstruction is explained. An image will be obtained if two-dimensional half 
image reconstruction is performed from approximation projection data. As actual processing, it is 
good only by performing two-dimensional half reconstruction as usual to the approximation 
projection data obtained as mentioned above. Although an opposed beam will be obtained a little if 
the data for a 1 80 degree + fan include angle are used at this time, averaging of these both may be 
carried out and one side may be chosen. Of course, data are acquired in a little larger include-angle 
range, and it is good as for a method of "being weighting ****** smoothly" in an opposed beam. 
[0022] By the way, that the system of coordinates of reconstruction should just reconfigurate about 
X perpendicular to a Z direction, and a Y-axis, although a reconstruction side has an inclination 
slightly by this, it is obtained as an image which looked at this from the Z direction. There is no need 
of restarting the two-dimensional coordinate within a virtual flat surface. Since the reconstruction 
side which continues as it may say that data from the first are collected by X and Y coordinate and 
being mentioned above is not parallel, it is thought that the direction with X and Y coordinate is easy 
to treat as three-dimension data on the contrary. 

[0023] The above explanation has described collection of volume data focusing on acquisition of a 
single slice. What is necessary is just to shift a little half-rotation range required to reconfigurate the 
image of one sheet, in order to obtain volume data (refer to drawing 3 (a)). For example, what is 
necessary is to shift the half-rotation range in the pitch of 360 degrees / 8= 45 degrees, and just to set 
up a virtual flat surface between 1 rotations of the X line source 10, in wanting the image of eight 
sheets. 

[0024] Now, the image obtained is not parallel even if it creates an image one by one in a pitch 45 
degrees in accordance with the spiral orbit of the X line source 10. For this reason, although spatial 
resolving power changes in the XY direction, this is considered reflecting the spatial asymmetry of 
the spiral orbit of the X line source 10 from the first, and it can be said in that semantics that it is 
very natural. 

[0025] Since a series of obtained images are un-parallel, it is necessary to start two-dimensional 
images of arbitration, such as an parallel cross section and a cross-section conversion image 
containing a music cross-section conversion image, mutually. What is necessary is just to compute 
each field according to this, since the location is given by the formula of P (zeta) mentioned later. 
Moreover, although the employment top with actual processing using this is the most convenient 
once it creates an parallel cross section mutually when performing three-dimension image 
processings, such as a surface display and projection image creation, it is good to raise precision to 
perform direct processing from a series of obtained un-parallel images. 

[0026] It compares with a conventional method about helical CT and the dual slice helical CT which 
performs the multi-slice of 2 slices. About the effectiveness of the speed and the acquisition time of 
first an image pick-up When he wanted the field which has the thickness for 10cm in helical CT in 
the example shown previously, for example as 2mm slice data, the berth was moved 2mm per 
rotation and 50 rotations needed to take a photograph. It is made to move 4mm per rotation, and 25 
rotations are required of the thing of a dual slice. If this method is used, since a berth is moved 
15mm per rotation, it will end with 7 rotation extent in the above-mentioned example of concrete 
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count. Next, I will consider the error of a projection beam ! s in FOV at time of reconstruction 
existence location, although this method is the approximation technique and an error exists — the 
above — like the example shown in the concrete example of count, sufficient precision can be given 
under suitable conditions. Also in the conventional helical CT, interpolation processing with 
contiguous data is performed, and even if it uses this method, it can be said that it can perform in an 
error comparable as a conventional method. 

[0027] Drawing 10 is a flow chart which shows the flow of a series of processings from data 
collection to reconstruction, and shows a certain slanting cross section to drawing 1 1 . When setting 
the inclination of h [mm] and a virtual flat surface to kappa for the berth movement magnitude per 
rotation, The slanting cross section P (zeta) centering on the location which carried out zetaradian 
rotation, i.e., (zetah/2pi), the location of [mm], is P(zeta) = {(x y, z) z= (zetah / 2pi)+[(x y)](-sin zeta, 
coszeta) xtan kappa} . 

It is come out and given. However, "-" expresses an inner product. 

[0028] Here, if it is the angle of rotation beta of the X line source 10, whenever [ fan interior angle / 
alpha ], and the location rho of a Z direction, this approximation projection data shall be expressed as 
R (beta, alpha, rho). In fact, since projection data is obtained discretely, it is expressed as R (1 
(**beta), m (**alpha), n (**rho)). In addition, it is m=-M / 2 - +M/2, and n=-N / 2 - +L/2. 
[0029] Since the X line source 10 carries out number rotation by helical scan, beta becomes wide 
range. This range I is set to I=LL1 - LL2. Moreover, range corresponding to -(pi/2+A) - (pi/2+A) at 
the real include angle which is the range required for half reconstruction - It is described as L / 2 - 
+L/2. 

[0030] Now, the X line source 10 will consider reconstruction of the slanting cross section in the 
location which only zeta rotated. The Z location rho on the detector of the approximation pass of all 
approximation projection data required in order to reconfigurate the reconstruction image H of this 
slanting cross section (zeta) is given as rho (beta, alpha) as a function of beta and alpha. 
[0031] H (zeta) is obtained as follows. 

(STEP1) Approximation projection data R (zeta, beta, alpha) of a slanting cross section is R(zeta, 
beta, alpha) =R (zeta+beta, alpha, rho (beta, alpha)). 

It is come out and created. At this time, it is zeta+beta=(I (zeta)) - (**zeta). 
alpha=(m (zeta)) - (**alpha) 

(n-1) When -(**rho) <=rho(beta, alpha) <n- (**rho), it is R (I(zeta) - (**zeta), m(zeta) - (**alpha), 
alpha, - (n-1) (**rho)) in fact. 

R (I(zeta) - (**zeta), m(zeta) - (**alpha), alpha, n- (**rho)) 

Approximation projection data is created by interpolation processing from the actual existence 
projection data of two **. 

(STEP2) Image H (zeta) is reconfigurated with a predetermined half reconstruction algorithm in the 
direction which only zeta rotated using approximation projection data R (zeta, beta, alpha). 
[0032] In addition, as soon as reconstruction of an image required one by one during activation of 
helical scan is completed, one by one, as long as the storage capacity of the storage section 312 is 
large enough, it may be made to eliminate approximation projection data R, and to perform 
reconstruction processing after helical scan termination. 

[0033] This invention cannot be limited to the example mentioned above, but can deform variously, 
and can be carried out. Sequential explanation of the modification is given below. 
(1) Resolution can be raised by using together concomitant use this invention of a shift device, and a 
shift device. For example, the juniper the radius of gyration of the X line source 10 "was shifted" so 
that 600mm of an above-mentioned example might be set to two thirds of 400mm. This is 
interlocked with and slice thickness also makes 10mm of 2/3 also set movement magnitude of the 
berth per X line source 101 rotation to two thirds from 15mm in this method. Although it is not 
necessary to make it not necessarily interlock, it is most efficient for the whole slice direction 
****** target to raise resolution. 

[0034] (2) It was what is referred to as that 180-degree rotation part extent of the spiral orbit of the X 
line source 10 will extract and bring together the projection data near this helical slanting cross 
section in one flat surface paying attention to being contained in approximation, and the fundamental 
idea of use this invention of a partial angle reconstruction method will perform the usual two- 
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dimensional half reconstruction. If the ** office of the spiral orbit is carried out to a part, the part 
approximation will become good. A partial angle reconstruction method is used together as a 
modification of this method. Since location-approximation of the spiral orbit of the X line source 10 
and a virtual flat surface will become very good if this method is used, an image can be obtained 
even if the virtual flat surface has whenever [ tilt-angle ] further. Therefore, "the fan include angle of 
the slice direction" can be enlarged and the effectiveness of photography improves further. 
[0035] (3) the correspondence to inverse rotation (berth hard flow migration) — in actual equipment, 
the migration direction of a berth may be used in both directions of the direction inserted in CT 
stand, and the direction to pull out. Moreover, the hand of cut of the X line source 10 itself can 
consider two kinds of inverse rotation ******. i n this case — since the relative screw motion of the X 
line source 10 over analyte is symmetrical with a mirror image — the above-mentioned data 
processing (creation of approximation projection data, coordinate of a back projection operation, 
etc.) — all are considered as the mirror image symmetry. 
[0036] 

[Effect of the Invention] In the computerized-tomography scanning equipment which collects 
projection data by helical scan using a two-dimensional-array detector, this invention extracts the 
approximation projection data of the X-ray pass approximated to the location of the virtual flat 
surface set to arbitration from the actually acquired two-dimensional projection data, and is 
characterized by reconfigurating a reconstruction image using this approximation projection data. 
Since according to this invention the approximation projection data of the X-ray pass approximated 
to the location of the virtual flat surface set to arbitration is extracted from the actually acquired two- 
dimensional projection data and a reconstruction image is reconfigurated using this approximation 
projection data, few reconstruction images of the artifact can be created by simple processing by CT 
of the helical scan using a two-dimensional-array detector. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL FIELD 

[Industrial Application] This invention relates to the computerized-tomography scanning equipment 
(it abbreviates to "CT" below) of a helical scan. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

PRIOR ART 

[Description of the Prior Art] Generally CT with the 1 -dimensional detector which arranged the 
detector which detects the X-ray which penetrated current and analyte to one dimension has spread. 
And in recent years, the so-called helical scan which X line source draws a spiral orbit and moves in 
the moving coordinate which moves with a berth by moving a berth, carrying out continuation 
rotation of X line source (source) and the detector is beginning to spread quickly. Furthermore, the 
formation of many trains of a 1 -dimensional detector and cone beam-ization of an exposure X-ray 
grope for the implementability of three-dimension-izing of data. 

[0003] In the helical scan by the 1 -dimensional detector, in order that X line source may move a 
spiral orbit, it is required to carry out interpolation creation of the great portion of projection data on 
a reconstruction cross section in approximation by linear interpolation processing etc. This created 
data is hereafter called approximation projection data. Since the data for one rotation were 
substantially needed, when reconstruction wanted the field which has the thickness for 10cm, for 
example as 2mm slice data, it needed the scan of 50 rotations. 

[0004] As for 2 successive installation beam ******** dual slice helical method, a data collection 
rate becomes twice the above-mentioned method theoretically about a 1 -dimensional detector. 
Although it is possible to develop this and to form a 1 -dimensional detector into many trains, it 
becomes impossible for the X-ray pass between trains to regard it as parallel. It will consider that this 
is parallel temporarily and will become the image which does not bear practical use with much 
artifact in having reconfigurated the image as a multi-slice for every train simply. The current 
proposal of the technique of conquering these problems was not made, therefore twice [ at most ] as 
many improvement in the speed as this has concluded that it is a limit by this method. 
[0005] By the cone beam scanning method, when analyte is completely contained in a cone beam, 
perfect reconstruction is theoretically possible, but when analyte is not completely contained in a 
cone beam, the solution method of suitable reconstruction is not proposed. 

[Translation done.] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] In the computerized-tomography scanning equipment which collects 
projection data by helical scan using a two-dimensional- array detector, this invention extracts the 
approximation projection data of the X-ray pass approximated to the location of the virtual flat 
surface set to arbitration from the actually acquired two-dimensional projection data, and is 
characterized by reconfigurating a reconstruction image using this approximation projection data. 
Since according to this invention the approximation projection data of the X-ray pass approximated 
to the location of the virtual flat surface set to arbitration is extracted from the actually acquired two- 
dimensional projection data and a reconstruction image is reconfigurated using this approximation 
projection data, few reconstruction images of the artifact can be created by simple processing by CT 
of the helical scan using a two-dimensional-array detector. 



[Translation done.] 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] As mentioned above, by CT of the helical scan using a 
two-dimensional-array detector, it simplifies and few reconstruction approaches of the artifact do not 
exist. The purpose of this invention is CT of the helical scan which used the two-dimensional-array 
detector, and is offering CT which can create few reconstruction images of the artifact by simple 
processing. 
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MEANS 

[Means for Solving the Problem] In the computerized-tomography scanning equipment which 
collects projection data by helical scan using a two-dimensional-array detector, this invention 
extracts the approximation projection data of the X-ray pass approximated to the location of the 
virtual flat surface set to arbitration from the actually acquired two-dimensional projection data, and 
is characterized by reconfigurating a reconstruction image using this approximation projection data. 

[Translation done.] 
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OPERATION 

[Function] Since according to this invention the approximation projection data of the X-ray pass 
approximated to the location of the virtual flat surface set to arbitration is extracted from the actually 
acquired two-dimensional projection data and a reconstruction image is reconfigurated using this 
approximation projection data, few reconstruction images of the artifact can be created by simple 
processing by CT of the helical scan using a two-dimensional-array detector. 

[Translation done.] 
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3. In the drawings, any words are not translated. 



EXAMPLE 



[Example] Hereafter, one example of the computerized-tomography scanning equipment (it 
abbreviates to "CT" hereafter) by this invention is explained. Drawing 1 is the block diagram of CT 
concerning this example, and drawing 2 is the block diagram of the data pre-treatment equipment of 
drawing 1 . CT consists of a stand 1, a berth 2, and a console 3 greatly. Opening of a cylindrical 
shape can open in the core of a stand 1 , and at the time of a scan, where Analyte P is laid in a berth 2, 
it is inserted in it. In addition, the horizontal axis which intersects perpendicularly a horizontal axis 
parallel to the direction of a body axis of Analyte P with the Z-axis, and intersects a vertical axis 
perpendicularly with a Y-axis and the Z-axis is defined as the X-axis. A berth 2 is constituted 
movable, driving to the berth driving gear 20 and laying Analyte P. The X line source 10 ****** 
flabellate form X-ray beam FX in response to the high voltage from a high-voltage transformer 
assembly 4. Whenever [ angle-of-divergence / of this flabellate form X-ray beam FX ] is called fan 
include angle, and is made into **A degrees and sum total 2 A" on both sides of a medial axis at right 
and left. As a typical example, the fan include angle is set as 50 degrees. The two-dimensional-array 
detector 12 comes to arrange the detector which detects the X-ray which penetrated Analyte P as an 
electrical signal in the shape of two-dimensional, with the condition that the X line source 10 and the 
two-dimensional-array detector 12 countered according to the rolling mechanism and slip ring device 
which are not illustrated — the perimeter of Analyte P — continuation — it is supported pivotable. 
This rotation is driven with the stand driving gear 13. With the two-dimensional data collector 12, it 
integrates with the output of the two-dimensional-array detector 12 in time, and it is digitized and are 
collected as projection data. The stand driving gear 13 is controlled by the stand control unit 33, and 
the berth driving gear 20 is controlled for a high- voltage transformer assembly 4 by the high-voltage 
control unit 5 at the berth control unit 34, respectively. 

[0010] It is sent to the data pre-treatment equipment 31, and the projection data from the two- 
dimensional data collector 12 is at the data pretreatment section 31 1 first. After general pretreatment 
of Log conversion (logarithmic transformation) etc. is performed, the after [ pretreatment ] two- 
dimensional projection data storage section 312 memorizes. The slanting cross-section 
approximation projection data origination section 313 creates approximation projection data required 
to reconfigurate the image about a slanting cross section using the projection data after pretreatment. 
The image re-component 32 reconfigurates an image (slanting cross-section image) from the 
approximation projection data created in the slanting cross-section approximation projection data 
origination section 313. The so-called half reconstruction approach which can reconfigurate an 
image from the projection data for 180 degrees is adopted as this reconstruction processing. This 
tomogram data is sent and displayed on an image display device 37 through the main control section 
36, and is sent to the image data storage 35, and is memorized. The main control section 36 controls 
the high-voltage control unit 5, the stand control unit 33, and the berth control unit 34, and performs 
helical scan. 

[001 1] Next, an operation of this example is explained. In addition, the moving coordinate of 
explanation which moves with Analyte P is specified for convenience. In this moving coordinate, by 
helical scan, the X line source 10 will move a spiral orbit, as shown in drawing 3 (a). In an actual 
motion, while the X line source 10 and the two-dimensional-array detector 11 carry out continuation 
rotation, Analyte P moves to an one direction on a berth 2. Here, the jargon treated by the following 
explanation is defined. 
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- Actual existence projection data; projection data on the X-ray pass (it is called a virtual path) which 
is needed in order to reconfigurate the image of the projection data and the virtual projection data; 
reconstruction side of the actual existence actually collected with each detector of the two- 
dimensional-array detector 1 1 (here, it defines as a slanting cross section) and which is included 
ideal, i.e., the reconstruction side concerned. In helical scan, such virtual projection data does not 
exist really except for some exceptions. 

- Approximation projection data; projection data on the X-ray pass in X-ray beam FX most 
approximated to a virtual path (it is called approximation pass). In addition, this approximation 
projection data may not exist really by existing really as actual existence projection data. When it 
does not exist really, it creates with interpolation (distance interpolation) from the actual existence 
projection data near approximation pass. Approximation projection data is created by every [ of the 
X-ray from the X line source 10 / one / every ] radiation direction (a definition is given as whenever 
[ fan interior angle ]) about angle of rotation of each of the X line source 10. 

[0012] In addition, two or more X-ray pass required for reconstruction cannot define the flat surface 
of one sheet in helical scan. One of the descriptions of this example sets up the slanting cross section 
(reconstruction side) which inclines to the Z-axis to the X-ray pass group for half-rotation of the X 
line source 10, and it is to reconfigurate an image using the projection data for this half-rotation 
(refer to drawing 3 (b)). Thereby, there are few gaps with the curve side and reconstruction side 
which are drawn by the X-ray pass group for half-rotation, and they can reconfigurate an image with 
little artifact. Furthermore, the description of this example is setting up the slanting cross section 
where the artifacts makes min the min of gaps, i.e., the above-mentioned amount, to the X-ray pass 
group for half-rotation, and setting approximation pass. Approximation pass is specified by Z 
location angle of rotation of the X line source 10, and whenever [ fan interior angle ]. 
[0013] The volume data of a three dimension are obtained by repeating reconstruction processing, 
shifting a slanting cross section little by little in accordance with the spiral orbit of the X line source 
10. Spatial resolving power changes according to the migration pitch of this slanting cross section. 
For example, change of the slanting cross section which it shifted 90 degrees at a time to drawing 4 
is shown. According to this approach, a minute (it changes according to a migration pitch) of an 
image can be reconfigurated, for example by one rotation several times of the helical CT of the 
single slice put in practical use until now or a dual slice. 
[0014] It explains below at a detail. 

- Although the slanting cross section mentioned above what is specified in approximation by the X- 
ray pass group which moves while 180 degrees of X line sources 10 rotate about a setup of the 
virtual flat surface (slanting cross section) which should be reconfigurated, it is necessary to specify 
the virtual flat surface used as the min of the above-mentioned amount of gaps approximated most. 
The angle of rotation of the X line source 10 and the axis of ordinate are expressed [ the spiral orbit 
of the X line source 10 (source) ] for the axis of abscissa as a Z coordinate to drawing 6 . The spiral 
orbit of the X line source 10 is shown on this graph by the primary straight line fsource passing 
through a zero. On the other hand, a virtual flat surface is the sign curve fplane on this graph. It is 
shown by carrying out. Here, 180 degree* fan include-angle 2A, a part for i.e., ** (90degree+A), is 
given as a view required for half reconstruction focusing on 0 degree, fsource and fplane It will be 
easily understood that the amount of gaps of a virtual flat surface and the curve side drawn by the X- 
ray pass group for half-rotation of the spiral orbit of the X line source 10 is small, so that the integral 
of a difference is small. 

[0015] For example, if fan include-angle 2A=50 degree, it will become 90 degree+A=l 15 degree, 
but when the ratio of the tilt angle (a graph top is equivalent to the inclination in 0 times of the sign 
curve fplane) of a virtual flat surface and the inclination of fsource according to the relative- 
displacement rate of the berth 2 to rotation of the X line source 10 at the time of helical scan is 1.095 
at this time, the difference dl and d2 of both functions is mostly in agreement. That is, the maximum 
(|dl-d2|) of the absolute value of the difference of both functions is able to specify few optimal 
virtual flat surfaces of the artifact most by setting up a virtual flat surface so that it may become min. 
Thus, the approach of setting up a virtual flat surface so that the root mean square of the difference 
of both functions other than the approach based on the maximum of the absolute value of the 
difference of both functions may serve as min may be adopted. Of course, it is not limited to such 
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two approaches. 

[0016] - The virtual path contained in a virtual flat surface is rare, therefore virtual projection data 
hardly exists as actual existence projection data so that I may be understood with reference to 
drawing 6 about a setup of approximation pass. Therefore, the approximation pass nearest to the 
virtual path in a flabellate form X-ray beam with fixed thickness is set. Here, when 0 degree is 
considered whenever [ fan interior angle ], the pass on the virtual flat surface which passes along the 
core (it is the same as the center of rotation of the X line source 10) of FOV (Field of View) like 
drawing 7 is a virtual path. On the other hand, approximation pass is given as pass which passes 
along a FOV core from the X line source 10. Let the actual existence projection data which passes 
along this approximation pass be approximation projection data about 0 degree whenever [ fan 
interior angle ]. If actual existence projection data existence is not recognized through this 
approximation pass, approximation projection data is created with interpolation from two actual 
existence projection data of the channels A and B nearest to the intersection of the approximation 
pass and a detector side concerned. A thick wire shows notionally change of the intersection group 
of the detection side of approximation pass to change of angle of rotation to drawing 5 . Two kinds 
of examples are offered about the setting approach of approximation pass. 
[0017] (1) The setting approach of the 1st approximation pass (refer to drawing 8 (a)) 
By this approach, when it sees about an certain angle of rotation of the X line source 10, the 
intersection to the detection side top of approximation pass will be drawn "in a straight line" with 
change which is whenever [ fan interior angle ]. As mentioned above, 0-degree approximation pass 
is set whenever [ fan interior angle ] so that a virtual flat surface may be intersected focusing on 
FOV. An approximation pass group is set up so that the slightly flat ellipse of the virtual flat surface 
where the intersection of the approximation pass of whenever [ other fan interior angle ] and a virtual 
flat surface made the radius from the X line source 10 to the FOV core the core [ the X line source 
10 ] may be drawn. It is mentioned that whenever [ of actual count / complicated ] is small as for the 
advantage of this approach. All approximation pass required to reconfigurate the tomogram for one 
sheet by this approach to drawing 9 is shown. In addition, the angle of rotation zeta of the X line 
source 10 expresses with drawing 9 the core of half-rotation that not an include angle but the X line 
source 10 uses for reconstruction absolutely, as 0 degree, and the Z location rho makes a zero the 
center position of the successive range where a berth 2 moves while the X line source 10 half-rotates. 
It expresses with the distance (mm) from a zero, and is used widely and shown to change of 
migration of angle of rotation of the X line source 10, and Z location of a detector. By drawing 9 , 
while the X line source 10 half-rotates, it is indicated that a berth 2 moves 40mm. The angle of 
rotation zeta of the X line source 10 of the view of drawing 9 is 0 degree, the Z location rho of 
approximation pass in case alpha is 0 degree whenever [ fan interior angle ] is projection data of 0, 
and, probably, this usually exists really. Of course, if the actual existence pass of this Z location rho 
does not exist really, approximation projection data is created by interpolation from the actual 
existence projection data on two pass nearest to the approximation pass concerned. 
[0018] (2) The setting approach of the 2nd approximation pass (refer to drawing 8 (b)). 
This approach sets approximation pass so that a virtual flat surface may be crossed at the core of 
approximation pass. The intersection of such an approximation pass and a virtual flat surface draws 
few ellipses which the cylinder which extended the periphery on XY side which makes a diameter 
the X line source 10 and distance based on FOV(s) to Z shaft orientations, and the slanting cross 
section which is a virtual flat surface intersect. Of course, if the actual existence projection data of 
this approximation pass does not exist, as mentioned above, it creates with interpolation. 
[0019] As mentioned above, it is not restrained by a setup of approximation pass, and two examples 
which could otherwise consider the modification and were raised here although two examples of 
creation of approximation projection data were given when put in another way. In addition, about 
interpolation, for every combination of angle of rotation and whenever [ fan interior angle ], it is 
made unnecessary [ the count process of a interpolation multiplier ] in creation of approximation 
projection data to ask for a interpolation multiplier beforehand, and it can be said from a viewpoint 
of mitigation of computational complexity that it is effective. Furthermore, a setup of a virtual flat 
surface and approximation pass can take, and an employment top can be altogether woven into the 
above-mentioned interpolation multiplier also about the direction. 
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[0020] Next, an example is given and explained. Here, the distance from 600mm and the X line 
source 10 to the two-dimensional-array detector 1 1 is assumed to be 1.1m, and a fan include angle is 
assumed to be 50 degrees for the radius of gyration of the X line source 10. At this time, FOV 
(reconstruction field) is 600xsin (50 degrees/2). It is set to about 250mm. moreover, if the two- 
dimensional-array detector 1 1 is put in another way nine channels to a Z direction (the slice 
direction), a one dimensional array detector will assume that it is 9 successive-installation ******** 
to a Z direction. Moreover, it is assumed that the one dimensional array detector is arranged with the 
row pitch (a row pitch is set to 2.57mm at this time) which is equivalent to 1.4mm spacing at a FOV 
core. Moreover, while the X line source 1 0 rotates one time, it is assumed that the movement 
magnitude of a berth 2 is 15mm. A gap of approximation pass within FOV at this time and the Z 
direction of a virtual flat surface can also estimate the plus direction and minus direction at about 
0.41mm by count. Ejection of the approximation projection data from the storage section 312 is 
performed according to drawing 9 . Linearity distance interpolation may be used for interpolation 
processing, and it is risen. Any of the interpolation using a cosine function are sufficient. The need 
range of the data on the two-dimensional-array detector 1 1 can be estimated at double sign 
10.18mm, and enters into existence range 2. 57mmx4=l 0.28mm of a detector 11. Activation slice 
thickness will be more thickly set to about 2mm to width of face of 1 .4mm of the channel based on 
FOV(s), in order that interpolation processing may enter at the time of approximation projection data 
origination. At this time, error 0.41mm of a previous Z direction is a small error suitably, and is 
understood by not coming to generate the big artifact in image quality. 

[0021] Next, image reconstruction is explained. An image will be obtained if two-dimensional half 
image reconstruction is performed from approximation projection data. As actual processing, it is 
good only by performing two-dimensional half reconstruction as usual to the approximation 
projection data obtained as mentioned above. Although an opposed beam will be obtained a little if 
the data for a 1 80 degree + fan include angle are used at this time, averaging of these both may be 
carried out and one side may be chosen. Of course, data are acquired in a little larger include-angle 
range, and it is good as for a method of "being weighting ****** smoothly" in an opposed beam. 
[0022] By the way, that the system of coordinates of reconstruction should just reconfigurate about 
X perpendicular to a Z direction, and a Y-axis, although a reconstruction side has an inclination 
slightly by this, it is obtained as an image which looked at this from the Z direction. There is no need 
of restarting the two-dimensional coordinate within a virtual flat surface. Since the reconstruction 
side which continues as it may say that data from the first are collected by X and Y coordinate and 
being mentioned above is not parallel, it is thought that the direction with X and Y coordinate is easy 
to treat as three-dimension data on the contrary. 

[0023] The above explanation has described collection of volume data focusing on acquisition of a 
single slice. What is necessary is just to shift a little half-rotation range required to reconfigurate the 
image of one sheet, in order to obtain volume data (refer to drawing 3 (a)). For example, what is 
necessary is to shift the half-rotation range in the pitch of 360 degrees / 8= 45 degrees, and just to set 
up a virtual flat surface between 1 rotations of the X line source 10, in wanting the image of eight 
sheets. 

[0024] Now, the image obtained is not parallel even if it creates an image one by one in a pitch 45 
degrees in accordance with the spiral orbit of the X line source 10. For this reason, although spatial 
resolving power changes in the XY direction, this is considered reflecting the spatial asymmetry of 
the spiral orbit of the X line source 10 from the first, and it can be said in that semantics that it is 
very natural. 

[0025] Since a series of obtained images are un-parallel, it is necessary to start two-dimensional 
images of arbitration, such as an parallel cross section and a cross-section conversion image 
containing a music cross-section conversion image, mutually. What is necessary is just to compute 
each field according to this, since the location is given by the formula of P (zeta) mentioned later. 
Moreover, although the employment top with actual processing using this is the most convenient 
once it creates an parallel cross section mutually when performing three-dimension image 
processings, such as a surface display and projection image creation, it is good to raise precision to 
perform direct processing from a series of obtained un-parallel images. 

[0026] It compares with a conventional method about helical CT and the dual slice helical CT which 
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performs the multi-slice of 2 slices. About the effectiveness of the speed and the acquisition time of 
first an image pick-up When he wanted the field which has the thickness for 10cm in helical CT in 
the example shown previously, for example as 2mm slice data, the berth was moved 2mm per 
rotation and 50 rotations needed to take a photograph. It is made to move 4mm per rotation, and 25 
rotations are required of the thing of a dual slice. If this method is used, since a berth is moved 
1 5mm per rotation, it will end with 7 rotation extent in the above-mentioned example of concrete 
count. Next, I will consider the error of a projection beam's in FOV at time of reconstruction 
existence location, although this method is the approximation technique and an error exists — the 
above — like the example shown in the concrete example of count, sufficient precision can be given 
under suitable conditions. Also in the conventional helical CT, interpolation processing with 
contiguous data is performed, and even if it uses this method, it can be said that it can perform in an 
error comparable as a conventional method. 

[0027] Drawing 10 is a flow chart which shows the flow of a series of processings from data 
collection to reconstruction, and shows a certain slanting cross section to drawing 1 1 . When setting 
the inclination of h [mm] and a virtual flat surface to kappa for the berth movement magnitude per 
rotation, The slanting cross section P (zeta) centering on the location which carried out zetaradian 
rotation, i.e., (zetah/2pi), the location of [mm], is P(zeta) = {(x y, z) z= (zetah / 2pi)+[(x y)](-sin zeta, 
coszeta) xtan kappa} . 

It is come out and given. However, "-" expresses an inner product. 

[0028] Here, if it is the angle of rotation beta of the X line source 10, whenever [ fan interior angle / 
alpha ], and the location rho of a Z direction, this approximation projection data shall be expressed as 
R (beta, alpha, rho). In fact, since projection data is obtained discretely, it is expressed as R (1 
(**beta), m (**alpha), n (**rho)). In addition, it is m=-M / 2 - +M/2, and n=-N / 2 - +L/2. 
[0029] Since the X line source 10 carries out number rotation by helical scan, beta becomes wide 
range. This range I is set to I=LL1 - LL2. Moreover, range corresponding to -(pi/2+A) - (pi/2+A) at 
the real include angle which is the range required for half reconstruction - It is described as L / 2 - 
+L/2. 

[0030] Now, the X line source 10 will consider reconstruction of the slanting cross section in the 
location which only zeta rotated. The Z location rho on the detector of the approximation pass of all 
approximation projection data required in order to reconfigurate the reconstruction image H of this 
slanting cross section (zeta) is given as rho (beta, alpha) as a function of beta and alpha. 
[0031] H (zeta) is obtained as follows. 

(STEP1) Approximation projection data R (zeta, beta, alpha) of a slanting cross section is R(zeta, 
beta, alpha) =R (zeta+beta, alpha, rho (beta, alpha)). 

It is come out and created. At this time, it is zeta+beta=(I (zeta)) - (**zeta). 
alpha=(m (zeta)) - (**alpha) 

(n-1) When -(**rho) <=rho(beta, alpha) <n- (**rho), it is R (I(zeta) - (**zeta), m(zeta) - (**alpha), 
alpha, - (n-1) (**rho)) in fact. 

R (I(zeta) - (**zeta), m(zeta) - (**alpha), alpha, n- (**rho)) 

Approximation projection data is created by interpolation processing from the actual existence 
projection data of two **. 

(STEP2) Image H (zeta) is reconfigurated with a predetermined half reconstruction algorithm in the 
direction which only zeta rotated using approximation projection data R (zeta, beta, alpha). 
[0032] In addition, as soon as reconstruction of an image required one by one during activation of 
helical scan is completed, one by one, as long as the storage capacity of the storage section 312 is 
large enough, it may be made to eliminate approximation projection data R, and to perform 
reconstruction processing after helical scan termination. 

[0033] This invention cannot be limited to the example mentioned above, but can deform variously, 
and can be carried out. Sequential explanation of the modification is given below. 
(1) Resolution can be raised by using together concomitant use this invention of a shift device, and a 
shift device. For example, the juniper the radius of gyration of the X line source 10 "was shifted" so 
that 600mm of an above-mentioned example might be set to two thirds of 400mm. This is 
interlocked with and slice thickness also makes 10mm of 2/3 also set movement magnitude of the 
berth per X line source 101 rotation to two thirds from 15mm in this method. Although it is not 
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necessary to make it not necessarily interlock, it is most efficient for the whole slice direction 
****** target to raise resolution. 

[0034] (2) It was what is referred to as that 1 80-degree rotation part extent of the spiral orbit of the X 
line source 10 will extract and bring together the projection data near this helical slanting cross 
section in one flat surface paying attention to being contained in approximation, and the fundamental 
idea of use this invention of a partial angle reconstruction method will perform the usual two- 
dimensional half reconstruction. If the ** office of the spiral orbit is carried out to a part, the part 
approximation will become good. A partial angle reconstruction method is used together as a 
modification of this method. Since location-approximation of the spiral orbit of the X line source 10 
and a virtual flat surface will become very good if this method is used, an image can be obtained 
even if the virtual flat surface has whenever [ tilt-angle ] further. Therefore, "the fan include angle of 
the slice direction" can be enlarged and the effectiveness of photography improves further. 
[0035] (3) the correspondence to inverse rotation (berth hard flow migration) — in actual equipment, 
the migration direction of a berth may be used in both directions of the direction inserted in CT 
stand, and the direction to pull out. Moreover, the hand of cut of the X line source 10 itself can 
consider two kinds of inverse rotation ******.in this case — since the relative screw motion of the X 
line source 1 0 over analyte is symmetrical with a mirror image — the above-mentioned data 
processing (creation of approximation projection data, coordinate of a back projection operation, 
etc.) — all are considered as the mirror image symmetry. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The block diagram of CT concerning this example. 

[Drawing 2] The block diagram of the data pre-treatment equipment of drawing 1 . 

[Drawing 3] Drawing showing the spiral orbit of X line source in helical scan. 

[Drawing 4] Drawing showing change of the slanting cross section which it shifted 90 degrees at a 

time. 

[Drawing 5] The conceptual diagram showing change of the intersection group of the detection side 
of approximation pass to change of angle of rotation. 

[Drawing 6] Drawing showing the spiral orbit of X line source, and the equipment of a virtual flat 
surface. 

[Drawing 7] Drawing showing a 0-degree virtual path and approximation pass whenever [ fan 
interior angle ]. 

[Drawing 8] The explanatory view of the setting approach of approximation pass. 

[Drawing 9] Drawing showing Z location of all approximation pass required to reconfigurate the 

tomogram for one sheet. 

[Drawing 10] The flow chart which shows the flow of a series of processings from data collection to 
reconstruction. 

[Drawing 11] Drawing showing the slanting cross section corresponding to drawing 10 . 
[Description of Notations] 

1 - Stand 2 [ 4 / 10 / 3 / 31 / 33 / 35 / 37 - Image display device. / - Image data storage 36 - Main 
control unit / — A stand control unit, 34 — Berth control unit / ~ A data pre-treatment equipment, 32 
- Image re-component / — A stand driving gear, 20 — Berth driving gear / » X line source 11-- 
Two-dimensional-array detector / — A high-voltage transformer assembly 5 — High-voltage control 
unit ] — A berth, 3 — Console 

[Translation done.] 
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